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1. INTRODUCTION 


The present report complements Volume I (ref. 1) by presenting the 
acoustic data for all the coaxial nozzle configurations tested and described 
in reference 1. The data is presented in the form of plots of normalized 
nozzle transfer function as a function of kR for 'source in core 1 case and as 
a function of kh for 'source in fan' case. Nozzle configurations, test plan, 
methods of data acquisition and other details relevant to this report have 
already been given at length in Section 3 of Volume I. However, in.grder to 
minimize cross reference between the two reports, a few details presented in 
Volume I may be repeated here. 


2. NOZZLE TRANSFER FUNCTION AMPLITUDES 


The power spectra of edited in-duct and far-field signals are obtained 
by the Fourier transform of each pulse using the digital FFT signal analyzer. 
These data (512 spectral points of constant bandwidth) are recorded on 
cassettes and then transferred to a m i n i -computer for frequency response and 
atmospheric corrections. Each corrected record is then individually smoothed 
to remove fine detail of little practical interest. The transfer function 
spectra between the far-field and in-duct signals are then computed from 
these smoothed in-duct and far-field spectra. 

The transfer function spectra between in-duct and far-field signals are 
also noisy in nature particularly in the higher frequency range. With this 
situation it is difficult to distinguish between the effect of any nozzle 
operating parameter, such as flow velocity, flow temperature, nozzle shape, 
etc. on the transfer functions^ Therefore, to obtain a more meaningful 
comparison, an averag ing' procedure has also been used to smooth the transfer 
function spectra which is computed from the smoothed power spectra of 
individual signals. The smoothing technique used in this study can be 
illustrated as follows. The smoothed value of the function (or power 
spectra), at the 1th frequency point is given by 


F ( 1 ) 


Fi(l) 

^ 1 +m ~ ^ I -m 


(D 


where 

F i ( 1 ) = If ( I -m) + hF ( 1 -m+1 ) + 2F( I -m+2) + 4F ( 1 -m+3) + 

+ 2F ( l+m-2) + 4F ( l+m-1 ) + F(l+m)| (2) 

(Simpson rule for integrating 2m+! points) 

X| = coordinate of |th point 



H = difference between the coordinates of two successive 
points 

2m+1 = number of points used for averaging 
Let n = 2m+i . 

In the smoothing procedure, the number of points n has been varied with 
respect to frequency. The number n is chosen such that it becomes equal to 
the '.'--’octave band for a given frequency, up to a maximum of 31 points. (The 
difference between two successive points is the bandwidth which is 200 Hz in 
this case.) The smoothing process is repeated three times to obtain a more 
uniform variation. The number of points, n used in smoothing is given by 

n = I//2 (rounded up) < 31 * 


(If n comes out to be even, then it is increased by one.) 

Nozzle transfer function F(l) at a given frequency is further normalized 
by a procedure which relates the measured sound pressures at any fixed polar 
angle to that which would be given from a point source of equivalent power 
in free space. The standard normalization distance is one meter. 

The basic assumption is that the measured incident pressure spectrum in 
the duct is uniform over the cross-section. 


The in-duct power is then given by (1 + Mg) 2 pg 2 *Ag/pgCg where Mg is 
duct mean flow Mach number, Ag is duct cross-section, pgcg is. the character- 
istic in-duct acoustic impedance and pg 2 is the mean square pressure of the 
outgoing acoustic wave measured in-duct. 


The intensity at one meter from the equivalent in-duct source is 


Pp 2 Ag (1 + Mg) 2 
p D Cg Air 


(A) 


and the intensity at one meter transformed from far-field measurements at 
radius R m meters is given by 


‘rad “ 


PradW a/ 

Pq^O 


(5) 


where pj: ac j(0) is the mean square pressure of the acoustic wave measured in 
the far field and p 0 c 0 is the characteristic free-field acoustic impedance. 

The normalized nozzle transfer function is the ratio of 1 rac j/ 1 D » >* e * 


NTF 


fPrad(0)l 
PD J 


4irR m 2 ' 


A P ) 


PpCp 

Pq^O 


• 1 

(1 + Mg) 2 * 


( 6 ) 


2 



Note that the first term in brackets on the right-hand side of equation 
(6) is the measured transfer function obtained from the spectra of edited 
far-field and in-duct outgoing signals and is taken to be equal to F(l) of 
equation (l) above for plotting purposes. 

It is important to point out that the values of NTF at a given value of 
nond imens ional frequency in the NTF spectra shown here are different from 
those plotted in directiv-ity plots of Volume I. The reason for this is that 
the values used in directivity plots at the frequency were obtained by 
averaging the smoothed transfer function data F between the frequency points 
I//2 to ) x/l [see equation 3~3 of Volume 1 (ref. 1)] and normalized. Such 
averaging was not performed to the data presented here. 


3. NOZZLE CONFIGURATIONS 


The relevant geometric parameters for the coaxial nozzle system are 
given in Table 1. The convergence angle a, of nozzles 1, 2, and 3 was 20° 
and that of nozzles 4, 5 and 6 was 40°. 


Test Plan 


The nozzle system consists of a primary and secondary (fan) nozzle, 
each with its own nozzle transmission coefficient. Two sets of measurements 
were thus required for primary and fan nozzle, respectively. As shown in 
Table 2, each of the outer nozzles was tested for the unheated conditions 
with the source located in the fan. With the source located in the primary 
(or core), only the outer nozzles designated 1, 2 and 3 were used. 

The heated-jet tests were, however, limited to the measurement of the 
fan nozzle transmission coefficient only. Only two nozzles (#1 and #2) were 
tested . 

The figures where the corresponding data appears are also listed in this 
table. 


4. LIST OF TEST POINTS AND 
DATA PLOTS 


The test points and the figure numbers where the corresponding data 
appear are given in Tables 3, 4 and 5- 
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TABLE 1 RELEVANT GEOMETRIC PARAMETERS FOR COAXIAL NOZZLE SYSTEM 


Nozzle 

Number 

L/h 

h (cm) 

L (cm) 

rj (cm) 

r 2 

Annulus Area 
A 2 (cm 2 ) 

Area Ratio* 
A 2 / Aj 

a =20° 

a = 40° 

1 

4 

1 

1.37 

1.37 


5.^9 

1*1 .45 

0.91 

2 

5 

3 

1.71 

5.12 


6.83 

61*. 1 A 

1.41 

3 

6 

5 

2.26 

11.30 

mSm 

9. 0A 

112.21 



2.46 


71 ^ = Primary Exit Area = 45.60 cm 2 . 














TABLE 2 NOZZLE TEST SUMMARY 


Outer Nozzle 
No . 

Location 
of Source 

Jet 

Cond i t ion 

Figures 
Where the 
Data Appears 

• 1,2 and 3 

Pr imary 

Unheated 

1 - 19 

1 ,2,3 ,4,5 and 6 

Fan 

Unheated 

20 -49 

1 and 2 

Fan 

Heated 

50-65 


TABLE 3 DATA FOR UNHEATED JET WITH SOURCE IN CORE 



NOZZLE 2, a = 20°, L/h = 3 
( p amb = 9.85 x 10 4 N/m 2 ) 


10 

0.8 

0.9 

11 

0.8 - 

1.2 

12 

0.8 

1.4 

13 

1 .2 

1 .4- 

14 

0 

1 .2 


96.7 
93-3 
294.4 
293.3 
294. 4 
293-9 
295-6 


92.2 
93-3 
290.6 
293.3 
291.1 
290.0 
292.8 


NOZZLE 3, a = 20°, L/h = 5 
(Pamb = 9-79 x 10 4 N/m 2 ) 











TABLE A DATA FOR UNHEATED JET WITH SOURCE IN FAN 


Figure No. 


M J 2 

Tr x (K) 

tr 2 (k) 

Tamb (K) 


NOZZLE 1 , « = 
(Pamb-9.83 * 

20°, L/h = 
10 4 N/m 2 ) 

1 


20 

0.0 

0.0 

296.7 

295.6 

294.8 

21 

0.4 

0.6 

295.6 

297-6 

296.2 

22 

0.8 

0.9 

294.4 

295.6 

294.8 

23 

0.8 

1.2 

295.0 

295.6 

294.8 

24 

0.0 

1 .2 

296.7 

296.7 

294.8 


NOZZLE 2, a = 20° , L/h = 3 
( p amb=9-9° xl ° 4 N/m 2 ) 



25 

0.0 

0.0 

298.3 


291.7 

294.1 


26 

0.4 

0.6 

291.7 


290.0 

287.9 


27 

0.8 

0.9 

291.1 


289.4 

286.5 




NOZZLE 3, ct = 

20°, L/h = 

5 






(Pamb = 9-83 * 1 0 4 N/m 2 ) 



* 


28 

0.0 

0.0 

287.2 


285.0 

288.2 


29 

0.4 

0.6 

285-6 


284.4 

288.5 


30 

0.8 

0.9 

287.2 


286.7 

286.5 


31 

0.8 

1.2 

287.2 


285.6 

284.8 


32 

1 .2 

1.2 

287.2 


285.6 

283.1 


33 

0.0 

1.2 

286.7 


285.0 

282.2 




NOZZLE 4, a = 

40° , L/h = 

1 






( p amb = 9.91 *10 4 N/m 2 ) 





34 

0.0 

0.0 

297.8 


292.2 

286.3. 


35 

0.4 

0.6 

289.4 


288.9 

284.4 


36 

0.8 

0.9 

290.0 


289.4 

285-0 


37 

1 .2 

1.4 

237.2 


285.0 

288.6 


38 

0.0 

1.2 

295.6 


290.6 

288.6 




NOZZLE 5, a = 

40° , L/h = 
x 1 0 4 N/m 2 ) 

3 






(Pamb “ 9.70 





39 

0.0 

0.0 

300.0 


295.0 

294.2 


40 

0.4 

0.6 

290.6 


289.4 

293.3 


4l 

0.8 

0.9 

291.1 


291.1 

295-0 


42 

0.8 

1.2 

288.9 


286.1 

293-7 


43 

0.0 

1 .2 

299.4 


290.1 

289.5 




NOZZLE 6, a = 

40° , L/h = 

5 






(Pamb ~ 9-70 

x 1 O 4 N/m 2 ) 





■M 

0.0 

0.0 

293.3 


292.2 

294.5 



0.4 

0.6 

288.3 


288.3 

289.5 


46 

0.8 

0.9 

288.3 


288.3 

287.1 


47 

0.8 

1.2 

287.8 


287.2 

286.1 


48 

1 .2 

1.2 

287.8 


287.2 

286.1 


49 

0.0 

1.2 

287.8 


287.2 

286.1 

















TABLE 5 DATA FOR HEATED JET WITH SOURCE IN FAN 


Figure No. 

Mjl 

m J 2 

Tr x (K) 

Tr 2 (k) 

^amb (K) 



NOZZLE 1 , 

20°, L/h = 1 





(^amb “ 9*76 

x 10 4 N/m 2 ) 



50 

0.8 

0.9 

316.7 

750.0 

• 292.0 

51 

0.8 

0.9 

291.1 

900.0 

294.1 

52 

0.8 

0.9 

450.0 

750.0 

298.9 

53 

0.8 

0.9 

450.0 

900.0 

301 .7 

54 

0.8 

0.9 

563-0 

750.0 

299.6 

55 

0.8 

0.9 

675.0 

900.0 

303.0 

56 

0.8 

1 .2 

300.6 

900.0 

300.0 

57 

0.8 

1.2 

450.0 

750.0 

296.6 

58 

0.8 

1 .2 

450.0 

900.0 

301 .2 

59 

0.8 

1 .2 

563-0 

750.0 

300.5 

60 

0.8 

1 .2 

675.0 

900.0 

303-6 

. 


NOZZLE 2, a = 

20°, L/h = 3 





( p amb " 9- 88 

x 10 4 N/m 2 ) 



61 

0.8 

0.9 

290.0 

750.0 

300.9 

62 

0.8 

0.9 

450.0 

600.0 

299.1 

63 

0.8 

0.9 

450.0 

750.0 

298.1 

64 

0.8 

1 .2 

296.1 

750.0 

296.6 

65 

0.8 

1.2 

450.0 

750.0 

298.5 
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5. DATA PLOTS 
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figure 1 (b) Nozzle N 1 ( L/h ~- \ , Convergence Angle ~20 Deg. );Source At Core 
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Figure 1 (o) Nozzle MIC L/h *- 1 , Convergence Angle ~20 Deg. );Source At Core 



20 30 

NGNDIMENSIONAL FREQUENCY, KR 
Nozzle NIC L/h -1 Convergence Angle 


"20 Deg. ); Source At Core 





NONDIMENSIONAL FREQUENCY, KR 

F i gure 2 (b) Nozzle N 1 ( L/h "1 , Convergence Angle 


Deg. ); Source At Core 
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MONO I MENS I ON AL FREQUENCY, KR 

Nozzle NIC L/h ~ 1 „ Convergence Angle r -'2U Deg. ); Source At Core 
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Figure 3 (b) Nozzle N 1 ( L/h 1 , Convergent 
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Figure 3(c) Nozzle NIC L/h ™1 „ Convergence Angle -20 Deg, )jSource At Core 
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NOND I MENS I ON AL FREQUENCY, KR 

Figure 4(b) Nozzle NIC L/h = 1 , Convergence Angle -20 Deg. );Source At Core 
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NOND I MENS I ON AL FREQUENCY, KR 

Figure 5(b) Nozzle NIC L/h ~ 1 „ Convergence Angle -20 Deg. );Source At. Core 
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NONDIMENSIONAL FREQUENCY. KR 

Figure 7 (b) Nozzle NIC L/h —1 » Convergence Angle "20 Deg« ) {Source At Core 
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Figure 8(b) Nozzle N 2 ( L/h “3 , Convergence Angle "20 Deg. ) {Source At Core 
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Figure 8 (o) Nozzle N 2 C L/h “3 , Convergence Angle -20 Deg. );Source At Core 
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Figure 9 (a) Nozzle N 2 ( L/h = 3 „ Convergence Angle =20 Deg. );Source At Core 
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Figure 9 (o) Nozzle N 2( L/h -3 , Convergence Angle -20 Deg. ); Source At Core 
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10 (o) Nozzle N 2 ( L/h ~ 3 , Convergence Angle -20 Deg. )s Source At Core 
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Figure 11(a) Nozzle N 2 ( L/h -3 Convergence Angle -20 Deg.);Source At Core 
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Figure 11(b) Nozzle N 2 ( L/h -3 „ Convergence Angle^gD Deg, );Source At Core 
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Figure 13(a) Nozzle N 2 ( L/h =3 .Convergence Angle =20 Deg. );Source At Core 
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Figure 14(a) Nozzle N 2( L/h = 3 , Convergence Angle -20 Deg.);Source At Core 
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Figure 14(b) Nozzle N 2( L/h a 3 , Convergence Angle =20 Deg. ); Source At Core 
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NOND I MENS I ONAL FREQUENCY, KR 

Figure 15(b) Nozzle N3( L/h = 5 , Convergence Angle =20 Deg. ) ;Source At Core 
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Figure 15(c) Nozzle N 3 ( L/h “5 , Convergence Angle = 20 Dog. ) ; Source At Core 
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Figure 16(a) Nozzle N 3 ( L/h ~ 5 , Convergence Angle ~20 Deg.)jSource At Core 
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Nozzle N 3 ( L/h -5 , Convergence Angle “20 Deg. );Source At Core 
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Figure 17(a) Nozzle N 3 ( L/h “ 5 , Convergence Angle -20 Deg. ); Source At Core 
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Figure 17(b) Nozzle N 3 ( L/h = 5 Convergence Angle ~20 Deg. ); Source At Core 
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N 3 ( L/h “5 , Convergence Angle =20 Deg. );Source At Core 
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Nozzle N 3 ( L/h =5 , Convergence Angle ”20 Deg, );Source At Core 
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Figure 20(a) Nozzle NIC L/h ~ 1 . Convergence Angle -20 Deg. )j Source At Fan 
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Figure 20(c) Nozzle N 1 ( L/h -1 , Convergence Angle ~20 Deg.);Source At Fan 
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Figure 21 (o) Nozzle NIC L/h -1 „ Convergence Angle “20 Deg, );Source At Fan 
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Figure 22(a) Nozzle NIC L/h =1 Convergence Angle ~20 Deg,);Source At Fan 
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Figure 23(a) Nozzle NIC L/h rJ 1 „ Convergence Angle ~20 Deg. );Source At Fan 
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Figure 23(b) Nozzle N 1 ( L/h =1 , Convergence Angle -20 Deg. ); Source At Fan 
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Figure 24(b) Nozzle N 1 ( L/h - 1 , Convergence Angle ~20 Deg«);Source At Fan 
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Figure 25(a) Nozzle N2( L/h - 3 , Convergence Angle =20 Deg. )j Source At Fan 
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gure 25(c) Nozzle N 2 ( L/h ~3 , Convergence Angle "20 Deg. );Source At Fan 
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Figure 26(b) Nozzle N 2 ( L/h ~ 3 , Convergence Angle “20 Deg. ) {Source At Fan 
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Figure 26 (o) Nozzle N 2 ( L/h = 3 , Convergence Angle “20 Deg. )?Source At Fan 
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figure 27(a) Nozzle N 2 ( L/h -3 , Convergence Angle "20 Deg. );Source At Fan 
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Figure 27(b) Nozzle N 2 ( L/h =3 „ Convergence Angle -20 Deg. );Source At Fan 
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Figure 27(c) Nozzle N 2 ( L/h -3 , Convergence Angle ~20 Deg. )j Source At Fan 
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Figure 28(a) Nozzle N3( L/h = 5 , Convergence Angle -20 Deg. ); Source At Fan 
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Figure 28(c) Nozzle N 3 ( L/h = 5 , Convergence Angle =20 Deg. )jSource At Fan 
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gure 29(a) Nozzle N 3 ( L/h -5 , Convergence Angle = 20 Deg. );Source At Fan 
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Figure 29(b) Nozzle N 3 ( L/h “5 , Convergence Angle =20 Deg. );Source At Fan 




oo 

Jr 



Figure 29(c) Nozzle N 3 ( L/h “5 , Convergence Angle “20 Deg. ); Source At Fan 
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NONDIMENSIONAL FREQUENCY, Kh 
Nozzle N 3 ( L/h “5 , Convergence Angle 


=20 Deg. ); Source At Fan 
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Figure 30(c) Nozzle N 3 ( L/h = 5 , Convergence Angle =20 Deg. ); Source At Fan 
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gure 31 (a) Nozzle N3( L/h s 5 , Convergence Angle s 20 Deg. ) jSource At Fan 
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Figure 31(b) Nozzle N 3 ( L/h -5 Convergence Angle =20 Deg. );Source At Fan 
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Figure 31(c) Nozzle N 3 ( L/h =5 , Convergence Angle =20 Deg. ); Source At Fan 
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gure 32(b) Nozzle N 3 ( L/h 83 5 Convergence Angle -20 Deg. );Source At Fan 
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Figure 32(c) Nozzle N 3 ( L/h ~ 5 , Convergence Angle -20 Deg. );Source At Fan 
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Figure 33(a) Nozzle N 3 ( L/h = 5 , Convergence Angle = 20 Deg. );Source At Fan 
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Figure 33(c) Nozzle N3( L/h = 5 , Convergence Angle =20 Deg. ); Source At Fan 
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Figure 34(a) Nozzle N 4 ( L/h - 1 , Convergence Angle -40 Deg. );Source At F 
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Figure 34(b) Nozzle N 4 ( L/h ~1 ^Convergence Angle =40 Deg, ) {Source At Fan 
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Figure 35(a) Nozzle N4( L/h =1 , Convergence Angle =40 Deg, );Source At Fan 
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Figure 35(b) Nozzle N 4 ( L/h =1 , Convergence Angle =40 Deg. );Source At Fan 
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Figure 36(a) Nozzle N 4 ( L/h -1 , Convergence Angle =40 Deg. );Source At Fan 
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Figure 36(b) Nozzle N 4( L/h =1 Convergence Angle ~40 Deg. );Source At Fan 
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Figure 36(c) Nozzle N 4 ( L/h =1 , Convergence Angle -40 Deg. );Source At Fan 


O 

U1 




10 



N0ND1MENSI0NAL FREQUENCY, Kh 

Figure 37(b) Nozzle N 4( L/h = 1 Convergence Angle =40 Deg. ) ;Source At Fan 
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gure 37(c) Nozzle N 4 ( L/h -1 Convergence Angle -40 Deg, );Source At Fan 
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Figure 38(a) Nozzle N 4 ( L/h ~ 1 , Convergence Angle =40 Deg. ); Source At Fan 
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Figure 38(b) Nozzle N 4 ( L/h - 1 , Convergence Angle -40 Deg. );Source At Fan 
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Figure 38(c) Nozzle N 4( L/h =1 f Convergence Angle =40 Deg. ); Source At Fan 
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Figure 39(a) Nozzle N 5 ( L/h -3 , Convergence Angle 



-40 Deg. )?Source At Fan 
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Figure 39 (b) 
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Nozzle NSC L/h =3 , Convergence Angle “40 Deg. ); Source At Fan 
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Figure 39 (c) 
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Nozzle N 5 ( L/h =3 , Convergence Angle “40 Deg. ); Source At Fan 
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Figure 40(a) Nozzle N 5 ( L/h -3 , Convergence Angle =40 Deg. ) {Source At Fan 
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Figure 40(c) Nozzle N 4 ( L/h =1 „ Convergence Angle -40 Deg. ) jSource At Fan 
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Figure 41(b) Nozzle N 5 ( L/h =3 , Convergence Angle =40 Deg. ) jSource At Fan 
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gur© 42(a) Nozzi© N 5( L/h -3 , Convorgonc© Anglo -40 Deg. );Source At Fan 




Figure 42(b) Nozzle N 5 ( L/h “3 , Convergence Angle “40 Deg. );Source At Fan 
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Figure 44(a) Nozzle N 6 ( L/h = 5 , Convergence Angle =40 Deg. )? Source At Fan 
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Figure 44 (o) Nozzle N 6 ( L/h -5 „ Convergence Anglo =40 Dog. ); Source At Fan 
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NONDIMENSIONAL FREQUENCY, Kh 

Figure 45(b) Nozzle N 6 ( L/h =5 , Convergence Angle -40 Deg. 


) {Source At Fan 
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Figure 45(c) Nozzle N 6 ( L/h ~5 , Convergence Angle =40 Deg.) {Source At Fan 
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Figure 46 (a) 
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Nozzle N 6 ( L/h = 5 , Convergence Angle =40 Deg. );Source At Fan 
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Nozzle N 6 C L/h = 5 , Convergence Angle =40 Deg. );Source At Fan 
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Figure 46(c) Nozzle N6( L/h = 5 , Convergence Angle -40 Deg. ); Source At Fan 
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Figure 47(a) Nozzle N 6 ( L/h =5 .Convergence Angle =40 Deg. ); Source At Fan 




Figure 47(b) Nozzle N 6 ( L/h ~5 „ Convergence Angle =40 Deg. );Source At Fan 
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Figure 48(a) Nozzle N 6 ( L/h =5 .Convergence Angle -40 Deg. )i Source At Fan 
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Figure 48(c) Nozzle N 6 ( L/h -5 , Convergence Angle -40 Deg. ); Source At Fan 
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Figure 49(a) Nozzle N 6 ( L/h ~ 5 , Convergence Angle ==40 Deg. ); Source At. Fan 
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Figure 50(a) Nozzle NIC L/h -1 , Converggige Angle =20 Deg. );Source At Fan 
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Figure 50(b) Nozzle N 1 ( L/h =1 .Convergence Angle =20 Deg. )iSource At Fan 
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gure 51(b) Nozzle N 1 ( L/h = 1 , Convergence Angle =20 Deg. ); Source At- Fan 
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Figure 51 (c) Nozzle NIC L/h -1 , Convergence Angle =20 Deg. );Source At Fan 
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Figure 52(a) Nozzle N 1 ( L/h - 1 , Convergence Angle -20 Deg. ); Source At Fan 
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Figure 52(b) Nozzle N 1 ( L/h =1 , Convergence Angle ~20 Deg. ) jSource At Fan 
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Figure 53(a) Nozzle NIC L/h = 1 Convergence Angle ~20 Deg. );Source At. Fan 
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Nozzle NIC L/h = 1 , Convergence Angle =20 Deg, ) {Source At Fan 
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Figure 54(b) Nozzle NIC L/h =1 , Convergence Angle =20 Deg. );Source At Fan 
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Figure 54(c) Nozzle N 1 ( L/h - 1 P Convergence Angle -20 Deg. )jGource At Fan 
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Figure 55(b) Nozzle N 1 ( L/h = 1 , Convergence Angle = 20 Deg. ); Source At Fan 
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Figure 56(a) Nozzle N 1 ( L/h = 1 , Convergence Angle = 20 Deg. );Source At Fan 
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Nozzle N 1 ( L/h = 1 Convergence Angle = 20 Deg. );Source At Fan 
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Nozzle NIC L/h - 1 .Convergence Angle 
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Figure 58(a) Nozzle NIC L/h 53 1 Convergence Angle ~ 20Deg. ); Source At Fan 
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gure 59(a) Nozzle N 1 ( L/h “ 1 .Convergence Angle -20 Deg. )jSource At Fan 
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Figure 59(b) Nozzle NIC L/h =1 .Convergence Angle =20 Deg. ) (Source At Fan 
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Figure 59(c) Nozzle N 1 ( L/h K 1 , Convergence Angle -20 Deg.)?Source At Fan 
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Figure 60(a) Nozzle NIC L/h =* 1 „ Convergence Angle -20 Deg. )jSource At Fan 
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Figure 60(b) Nozzle N 1 ( L/h =1 , Convergence Angle =20 Deg. ) ;Source At Fan 
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Figure 61(a) Nozzle N 2 ( L/h ~ 3 , Convergence Angle ~20 Deg.);Source At Fan 
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Figure 61(b) Nozzle N 2 ( L/h “3 , Convergence Angle -20 Deg.) 5 Source At Fan 




Figure 62(a) Nozzle N 2 ( L/h -3 ^Convergence Angle ~20 Deg. )jSource At Fan 
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Figure 62(b) 
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Nozzle N 2 ( L/h - 3 , Convergence Angle 
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Figure 62(c) Nozzle N 2 ( L/h -3 P Convergence Angle =: 20 Deg. ); Source At Fan 
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Figure 63(b) Nozzle N 2 ( L/h =3 , Convergence Angle "20 Deg. ); Source At Fan 






NOND I MENS I ON AL FREQUENCY, Kh 

Figure 64(a) Nozzle N 2 ( L/h “3 , Convergence Angle -20 Deg. );Source At Fan 
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Figure 64(b) Nozzle N 2 ( L/h -3 , Convergence Angle =20 Deg. );Source At Fan 
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Fig ure 65(a) Nozzle N 2 ( L/h =3 , Converge 
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Figure 65(b) Nozzle N 2 ( L/h -3 ^Convergence Anglo -20 Deg. )}Source At Fan 







6. LIST OF SYMBOLS 


a D 

Cd- 

Co 

h 

K 

L 

M d 

Mj, 

M J 

J 2 

R amb 

R 

Tamb 

Tr 1 

t R 2 


duct area 

speed of sound in the duct 
ambient speed of sound 
annulus height 
wave number 

protrusion of primary nozzle exit beyond that 
of the secondary nozzle 

Mach number in, the duct 

primary jet Mach number 

secondary jet Mach number 

ambient pressure 

primary nozzle radius 

ambient temperature 

primary reservoir temperature 

secondary reservoir temperature 

convergence angle of the secondary nozzle 
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